Constitutive activation of the Ras/MAP kinase pathway and enhanced TCR signaling by targeting the Shc adaptor to membrane rafts.
The Shc adaptor is responsible for coupling receptor tyrosine kinases and tyrosine kinase-associated receptors to the Ras/MAP kinase pathway. Shc is believed to be regulated by a change in subcellular localization from the cytosol to the plasma membrane, where it recruits Grb-2/Sos complexes and hence permits juxtaposition of the guanine nucleotide exchange factor Sos to Ras, resulting in GDP/GTP exchange and Ras activation. Shc has been recently shown to inducibly colocalize in detergent-resistant membrane rafts together with the activated TCR and associated signaling molecules. To understand whether Shc localization in membrane rafts is sufficient to regulate Shc function, we constructed a Shc chimera containing the Ras membrane localization motif at the C-terminus. We show that membrane targeted Shc was constitutively localized in the plasma membrane of T-cells, and was mostly compartmentalized in lipid rafts. Membrane targeted Shc was phosphorylated on tyrosine residues and bound Grb-2/Sos in the absence of TCR engagement. Furthermore, expression of membrane targeted Shc resulted in constitutive downstream signaling, including Erk2 activation and enhancement of TCR dependent activation of the TCR responsive transcription factor NF-AT. Hence localization of Shc in membrane rafts is sufficient for Shc to acquire a signaling competent state. Interestingly, a membrane targeted Shc mutant lacking both Grb-2 binding sites was not only incapable of signaling in the absence of TCR triggering, but transdominantly inhibited endogenous Shc, supporting a non redundant role for Shc in the activation of the Ras/MAP kinase pathway in T-cells.